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Limb lengths in Australopithecus and the 
origin of the genus Homo 

The recent discovery of fossil limbs of Australopithecus africa- 
nus,' including a partial skeleton, makes it possible to compare 
body proportions of this 3-2. 3 -million-year-old species with 
those of A. afarensis (3.9-3 Myr), Homo habilis (2-J.6 Myr), and 
H. ergaster/erectus (1.9-0.4 Myr). Australopithecus africanus is 
more similar to H. habilis in having larger forelimbs and smaller 
hindlimbs than expected from proportions seen in later Homo. 
Curiously, the earlier and craniodentally more primitive A. afar- 
ensis is more similar to later Homo in fore-to-hindlimb propor- 
tions. This implies that limb proportions changed back and forth 
in the hominid lineage or our present view ofhominid relation- 
ships is too simplified. 

Recent discoveries have sparked renewed interest in the origin of 
the genus Homo. Formal cladistic analyses using traits of the 
skull and teeth show that Australopithecus africanus is more 
closely related to Homo habilis than is the eariier and cranioden- 
tally more primitive species, A. afarensis.^~^ But partial skeletons 
discovered since 'Lucy' (A.L. 288-1, A. afarensis) reveal an 
unexpected complication: some of the body proportions of A. 
afarensis appear to be more like later Homo (i.e. H. 
ergaster/erectus) than are those of A. africanus or H. habilis. ' 
Particularly noticeable are the more human-like forelimb joint- 
sizes relative to hindlimb size in A. afarensis. The later species, 



A. africanus and H. habilis, appear to have more primitive fore- 
to-hindlimb joint proportions. 

This study seeks to determine if the same unexpected pattern 
is true of hmb lengths. Did A. africanus and H. habilis have the 
more ape-like pattern of long forelimbs and short hindlimbs? The 
small morph of Australopithecus afarensis had a short thigh 
compared to what is expected in modem human proportions, but 
the humerus was not exceptionally elongated relative to trunk 
dimensions.^'' A newly discovered partial skeleton of a large- 
bodied A. africanus, Stw 431, from Sterkfontein makes it possi- 
ble to compare that species with A. afarensis and early Homo. 

Materials and methods 

Australopithecus afarensis is represented by the beautifully 
preserved partial skeleton of A.L. 288-1 that has a nearly com- 
plete humerus and femur.* Other specimens attributed to A. afar- 
ensis show that the species had a high level of sexual 
dimorphism.^"' ^ There are several large humeri and femora that 
have been recovered from the same deposits (locaUty A.L. 333) 
that probably represent the male of that species. '^'^ Among the 
largest of these is a proximal humerus, A.L. 333-107, and a prox- 
imal femur, A.L. 333-3, that may be from the same individual. 
Until better samples are recovered, it is reasonable to take these 
specimens as representing the male of A. afarensis. The two H. 
habilis specimens, O.H. 62''* and KNM-ER3735,'5 are more 
fragmentary, but enough is preserved to show that forehmb 
shafts were larger than expected from hindlimb size when com- 
pared to A. afarensis or later Homo. The newly discovered partial 
skeleton of A. africanus, Stw 431, has the distal third of the 
humerus and proximal thirds of the radius and ulna. Its hindlimb 
is represented by a partial pelvic girdle including most of the left 
acetabulum. Both humeral and femoral lengths of A. africanus 
must be reconstructed in order to compare with A. afarensis. 

The reconstruction of humeral and femoral lengths is based on 
reduced major-axis formulae derived from samples of 116 
modem humans and 140 African apes. The human sample 
includes individuals as small as 28 kg and as large as 87 kg. The 
ape sample consists of 45 Pan troglodytes, \6P. paniscus and 74 
Gorilla gorilla specimens. The measurements are total length of 
the humerus and femur (measures #12 and 32, defmed in ref. 16), 
width of the proximal and distal articular surfaces of the humerus 
{#lb & e), and diameter of the femoral head (#3c). 

Results 

Figure la plots the relationship between distal humeral size 
and humeral length. Table 1 presents the least squares and 
reduced major axis slopes and intercepts with the correlation 
coefficients and the predicted lengths for the fossils. The Stw 
431 humems is predicted to be 302 mm long by the human for- 
mula and 283 mm long by the African ape formula. It is worth 
noting that the size of the distal articular surface of Stw 431 
almost exactly matches what would be expected from the size of 
the proximal articular surface of Sts 7 based on comparisons with 
the modem human sample. The length of the Sts 7 humems is 
predicted to be 304 mm using the human sample or 302 mm 
using the African ape sample. The A.L. 333-107 spedmen is pre- 
dicted to be 273 mm and 272 mm long by the human and ape 
formulae, respectively. 

Figure lb shows the relationship between femoral head size 
and length. The femoral head size of Stw 431 is estimated fol- 
lowing the procedure described in a previous study. The pre- 
dicted length for Stw 431 (Table 1) is 363 mm (human sample) 
or 303 mm (ape sample). Note that the actual length of A.L. 
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288- 1 femur after reconstruction of the crushed distal end is 286 
mm, which is between the estimates of 293 mm (human) and 
268 mm (ape). The A.L. 333-3 femoral length is 403 mm by the 
human prediction or 324 mm by the ape fonnula. 

The relationship between humeral and femoral lengths appears 
in Fig. 2. Human and ape specimens are widely separated. Using 



the ape-based predictions from Stw 431, the fossil projects very 
close to the ape sample, but using the human-based predictions, 
it is intermediate. A.L. 288-1 falls between the ape and human 
lines. The composite A. afarensis male (A.L. 333-107/333-3) is 
placed either intermediate (using ape-based formulae) or among 
the humans (using human-based formulae). 





Table 1. 

LS 
Sample LS slope intercept r 


Regression formulae and length pred 


lictions.' 








Bone 


RMA 
s.e. RMA slope intercept 


Fossil 


Measure 


H. sapiens 
L(mm) 


Ape 
L(mm) 


Humeral head 


Human 5.65 79.38 0.84 


15.54 6.69 37.94 


A.L. 288-lr 


27.3 


221 


221 




Ape 6.15 60.72 0.95 


20.47 6.46 44.86 


A.L. 333-107 


35.1 


273 


272 




'" 




Sts 7 ' ' ' 


.. ^-' 


304 


302 








Stw 328 


34.2^ 


267 


266 








Stw 517 


35.3 


274 


273 








ARA-VP-7/2 


34.6 


269 


269 








KNM-BC 1745 


32.0 


252 


252 








OMO 119-2718 


35.5 


275 


274 








KNM-ER 1473 


44.0 


332 


329 


Humeralart 


Human 4.83 106.47 0.86 


14.83 5.65 73.33 


A.L. 137-48a 


36.0 


277 


256 




Ape 5.82 51.57 0.95 


21.25 6.16 33.72 


A.L. 288- Im 


29.3 


239 


214 








A.L. 322-1 


32.7 


258 


235 








Stw 431 


40.5 


302 


283 








KNM-KP27i 


44.8 


326 


310 








KNM-ER 3735A 


32.3 


256 


233 








KNM-ER 1504 


39.5 


296 


277 




■ 




KNM-ER 6020 


44.7 


326 


309 








KNM-WT 15000 


39.0 


294 


274 








KNM-ER 739 


43.6 


320 


302 








TM 1517 


40.1 


300 


281 


Femoral head 


Human 7.46 107.28 0.79 


25.68 9.44 23.21 


A.L288-lap 


28.6 


293.1 


267.7 




Ape 4.50 142.61 0.93 


13.35 4.82 129.91 


A.L. 333-3 


40.2 


402.6 


323.6 








Sts 14 


30.0^ 


306.3 


274.5 






1 


Stw 25 


32.4 


390.0 , 


286.0 






' 


Stw 99 


3«.02 


381.8 


313.0 








Stw 311 


35i7 


360.1 


301.9 




' 


- 


Stw 392 


ns 


3WS 


381.7 






» ^ 


Stw 431 


36.# 


m.Q 


■$m4 






■ 


Stw 501 


.,3^2: 


3a&j 


289.9 








Stw 522 


mt 


32«a 


284.6 








MLD 46 


H&i^ 


368.6 


306.3 






. 


KNM-ER 1472 


40.0^ 


400.7 


322.6 






{ 


KNM-ER 1481 


43.8 


436.6 


340.9 








KNM-ER 3228 


45.42 


451.7 


348.7 






■. . 


KNM-ER 738 


33.8 


342.2 


292.8 








KNM-ER 1503 


35.1 


354.5 


299.0 






■■ 


ER-WT 15000 


45.9 


431.0 


351.0 






■ li) 


SK82 


34*0 


lJ^fTT«JL 


293.7 








SK92 


^xM) 


m^s 


361J 








SK3155 


.m(F 


306.3 


274.4 


'These lengths are not intended to be equally valid estimates 


1 of the actual limb lengths of the fossil hominids. They are 


meant to be used to compare 
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Pig. L u, Scaitci pl!)t and reJnccdnuijor axis tines of the widlh of ihc 
dlsiul' articular vurFacc nt'ihc hunici'u^ thorizoniul axislveFj^us iht, length 
tif tho humom.s ill modern stpscimcns of humani' aritl African a^piis, Noiu 
Ihal Ills :SJope3 uf the human Iftie (above) is similar to that of the African 
apL- lint: (JjciOw) bul Ihe two lines have sMghtly. different >-imerccpis, s.o 
iliat predktJoiis i'rom tht huitum aod upc icduccd mnjor axis fdrraulaii nrc 
shghlly dift'crt:iU(Tab]t: l>. h, Sciitterplol andretluKtlmujor Eixis Hnjzs 
ijf Lht widlh hfthc fcnionil hcnid versus the tcnglli of the femur m modem 
specimcas of iHimans and African apes. Note that the slope tif [he humnn 
line (9.44) 1$ rniKh stctpcr than ihat of (he A frican ape line (4,82) and Ihc 
two lines have difkrtini v-inierctpts, so that predictions from Ihc human 
and ape reduced major itVis formulae aic very ciifla-eni (Tfible I ). 

The incomplijteniess of the fossil sample makes it necessary la 
recqiiiiimct parts of the anatomy, bul these reatiiuj are riot 




uncxpeeted from previous analyses of joitii-size. ' When ail ofihe I 
greaily expanded sample of limb-joints are oimpar^d, A. afHm- 
fiw.f appears Id have telaltvely larger forelimbs and smaller hind- 
limbs than does A. afare/tsis. Alihough ihe small niorph of A. 
cifarettsis (A J... 288- 1 . considered female by most but nat all) has ; 
relatively shorter ihighJi than does later Hnmo, A. cifricanus' 
appears 1o be even more sh cart- legged. This conirasi between spc' 
cies is particulnrly noticeable bt larger sizes: ihe ^arge moiT^h of 
A. cfarenm is iniermcdiate to human-like in fnre-io-hiiidlimt) 
lengths, whereas the !urge morph i:>\ A.africimun in inieimediaie' 
to iipe-like in these proportions. Although limb-lcngih;^ cannni he 
secHcely deti^trnincd for H. hahiHa, forelimb yi/e appears to be 
larger than ejtpecied from h.indllmb si/e reJatiyj; to modem 
humans or /\. afaretusis.^'' 

Joint mofphology i$ generally it belter guide to positiond and 
Jocomotor behaviour than is relative limb lengths, but the iipi>ar-i 
ent disparity in limb lengths between A. ufarenais. on the one 
hand, and A. (^ricantis' and H, hahUh on the other, probably has ; 
behavioural implications. Perhaps the differences reflect diver- 
gent patterns of habitat use with the earlier ^j^eeie,^, A. dfiir€mis, 
more suited to terrestTial life and the later specie,^;, A,, afrkatuis' 
and H. iiahilis, more adapted to greater use of trees. 

What i."* dilTicult to reconcile, however, is the apparent ^ct. 
that the eariier and cr.aniodentaMy more primitive Jipeeies^ ^ 
(Tfurenvis. has- fore-lo-hindlimb prbportitms more like those of 
later //amw (//. ei-gas^er/treaus and saprens). The later species^ , 
A* afncatms and H. hahifis. share numerous unique tianiodenial-'i 
traits with later ffmj\o that are not present in A. qfarenJiis. 

Figures 3a and h rcprcsenl two attempts at reeoneilialron* Fig- 
ure 3fl irnplie;; that the fore-to-hindlirnb prt^portions were evf>lu-. 
tionarily labile and altered from hindlimb dominance (in A. 
■q^fensiis) tt>fore]inib dominance <iii A> aj'riccmus and /■/. hahiiis) \ 
back to Ihe extreme hindlimb dominance of later Homo. This- 
view might explain die larger-lhan-expecled forelimhs ol" A. afyi- 
canus and H. hahiUs as secondary, adaptations that supefUcially^ 
mimic the primitive limb pruponions. The remarkably small sac-, 
rat and lower lumbar bodies of A. africdnus might he a relatively' 
simple alteration in embryogcncsii; whert.- growth m that region 
switches (jff sooner than parti of the appendit^ular regions. Per-: 
haps the larger forelimb oi A. ajrieanus and H. fktbili.'i do repre- 
sent a reversal to a more primitive pattern. Either explanation'^ 
implies homoplasy. Homoplasy is prevalent in boUi plant and'i 
animal evolution and hominids are no cxc-eptiqji.^'* 

Figure 3^ implies that the resemblance of fore-and-hindlimbr 
proportions between A. afGrert^is m<l [axcr HtiiiHf is due iv paral- 
lel evolution. By this view. A. afdremis evolved its relatively 
smaller forclimbs independent of H. ergast^r/erecius. If the- 
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Fig. 1. Scatter plot of the fenionil and hemerstl lengthB 
of modem humans and Africftri apes wiii ihc fossil:^ 
intlutlcd. The values fur ihc A. o/ojvftsivi spccitnca. A.,Lh 
2SS-1. are reliably rccunslruttcd frnm nearly compitiJ:^ 
bones, hut the values of Ihc otJicr Fossils oi'e fhrcdictcd 
Mining ill? reduced r^ajnr ajiis fnmiubt; g^ivt^n in Tabic i. 
Two value.<i art pbllBci for A.l,. 333-i07/A.l.. 33.^3 {A. 
affirsnsis) ^lnd Stw 431 (A. africmm,'^)'. The "ape" Vitl^ft 
fcftrii to that derived from Ihc formuLic hiised nn Ihi;^ 
African ;ipc sjinipk, and fhc *H.s.' vjilues arc d<M"ivcdi 
from the: forrtiuli^e ba^i^cd <]n the httmaa lii^mpk. Note thuit 
TTiosl af the fosiNlli; fall inicrmcdiati: bctwccii ihc ape and' 
human llln«s cxecpt for A. afrivufma. whca lengths arc 
ciCimalcd usiag the Afiicaii ape formulae and A. afatvn- 
sis when Itingilis arc csliiBaicd ufiiiig the litiuiLin lomiti- 
lac. This dlffereni;e helwcen tht two ;»pcci.es in v^hal'i 
would be eitpecicd from a prcviods study of foriC'lo-- 
hindlimb joint proportiqns- 



450 



RfESEARCH l,ETTER& 



^ifuth Afrkim J0fim^ (tfSc fetich \^L94 SeptmtyerWS 



2.fi 



2.5 - 



3.0 



^3^ 



to; flfpBSlrtfli'" 



A. M-^/CfffSIS 





fL iifi'kiAn'ils 



HfrrJ llTTl^,propRrt[i:iriBf' 
rnoiptioJojjy 



■Pi, eir^xiim^ 



&.0' - 



^B 



m<- 



3.5 



Mf'/jfltrt's I 




■4„irli'i'ISfiri"iJ!?: 
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Hg. 3, :a; A possi&k phylogeny irf the bBtlBT-fcnown. sfpOPTB* d^ Aw,tt 
/ra'fwjrif^A^citf and qarl y /fflma thdL is .smspnrtcd' by n)}Ost fopmal cladistic 
unaLysos'of Uic craniodcnml maiedal -'- If this rtiwlopship of spccws i& 
true, then fcire-to-hindlimb propottipnis^ i^pe*Hr lo; hayp^ waived: fitra 
ne^'htiiridin-UItc In A. dfdtvrtsis^and ptiib^ly A. anwnemisy io nHurc 
ape'likc in A. ofrifflrjur and W. haifiliy to humgn-ntc in .W ergaster/^rec- 
t\is. this woiild itjipiy . thui these proportions, are sofcjcct to rciativij.ly 
rapid i:han;s« biiet biid forth, b, Th* pG8Sil>]c rtlmiOftShips ftrrtbrtg the 
better-known species i£ Austr-alopiihecm sekJ early Wi?mo s^MmJnfi ihat 
theircsic.mblan.ce Gf fDrt:-aTi6-hirid]imb propbttiqrts:btilwt*n A. afair/iii^ 
nviA H. er^^iMtr/ieivcjtii is due w homoplasy^ By this sdtw; A- (tfarenj^ 
(imiJ prolibly A; ff/ramewiTwl cvotvcd rclMivcly Ufg.^ hiodtimbs \x4k- 
^ndbni of //, er^iiKtef/erecCitii. If this U Lrue, ihda m as yet undi;£CdV'' 
cred species is preditled with A. £jfrw;n«ifjt-likc Hrflbprcipvirtioos^and'a 
hfiMd aiprirpitivc as the earliest aiiisiTalDpithccihc^pccita. 

aiiributicm of th& tibia^ J^M-K3P 25385, to tKe even :e"aFltfcir spcr 
cies of A ffnaffwnji,s proves to be .c<Ki!ecti''..^' then that ^fpeci;^ 
could be part of this early and independent evoJulion of more 



hutn8in'lik& bo^ pnjj^iii'oaji.^eriiraadentsdly Uwse early aus^- 
opithecine species are very priirative relative to A (^riicatius sxi^ 
■Homo fmbilis. As such, they naiutally become tte primitive 
ciade Tektive to all later hominid species. Froni the point arview 
.of S^, Zhi all as yet undiscovered species is predicted wjth /i, 
^kanus-liht. limb projSDctibns and a head as- pii.roltive :as Oie 
earliest australoprthectne'Sp^i^. 
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